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Summary of observations until January 2024:

1: Observed average global air temperature change last 40 years is about +0.18°C per decade.

If unchanged, additional average global air temperature increase by year 2100 will be about +1.3°C.
However, part of the apparent temperature increase reported is due to administrative changes, and
the real future increase may therefore be smaller.

2: Tide gauges along coasts indicate a typical global sea level increase of about 1-2 mm/yr.

Coastal sea level change rate last 100 year has essential been stable, but with periodic variations.

If unchanged, global sea level at coasts will typically increase 816 cm by year 2100, although many
locations in regions affected by glaciation 20,000 years ago, will experience a relative sea level drop.

3: Since 2004 the global oceans above 1900 m depth on average have warmed about 0.07°C,
The maximum warming (about 0.2°C, 0-100 m depth) mainly affects oceans near Equator,
where the incoming solar radiation is at maximum.

4: Sources and sinks for CO, are many. However, changes in atmospheric CO, follow changes in global
air temperature, and changes in global air temperature follow changes in ocean surface temperature.

5: There was no perceptible effect on atmospheric CO, due to the 2020-21 COVID-related dropin
GHG emissions, underlining the fact that natural sinks and sources for atmospheric CO, far outweigh
human contributions. Therefore, any future reductions in the use of fossil fuels are unlikely

to have any significant effect on the amount of atmospheric CO.,.




Pages3:
Page 4.
Pageb:
Pageb:
Pager.
Pages:
Pagell:
Page 2:
Pagel3:
Pagels:
Page 8:
Page 20:
Page?1.
Page?2:
Page 3:
Page 2.
Page 2:
Page26:
Page27.
Page?8:
Page 31:
Page 32:
Page 3:
Page &:
Page3s:
Page 3:
Paged0:
Paged4l:
Page42:
Page 43:
Page &:
Page46:
Page47.
Page &:
Page49:
Pageb0:
Pageb4:
Pagebs:
Page b:
Page %:
Page 8:
Pageb9:

Content:

January2024 global surface air temperature overview
January2024 global surface air temperature overview verslasmuaryast 10 years
January2024 global surface air temperature comparedianuar?2023
Temperature quality class Lower troposphere temperature from satellites
Temperature quality class 2: HadCRIdba surface air temperature
Temperature quality class@ISS antICDC global surface air temperature
Comparing global surface air temperature and satebidésedtemperatures
Global aitemperaturelinear trends
Global temperaturesAll in one Quality Class 1, 2 and 3
Global sea surface temperature
Oceantemperature inuppermost100m
Pacific Decadal Oscillation (PDO)
North Atlantic heat content uppermost 700 m
North Atlantic temperature8-800 m depthalong 59N 30-0W
Global ocean temperatureI®00 m depth summary
Global ocean net temperature change since 2004 at different depths
La Nifia and El Nifio episod@xceanic Nifio Index
Zonal lower troposphere temperatures from satellites
Arctic and Antarctic lower troposphere temperatures from satellites
Arctic and Antarctic surface air temperatures
Long Arcainnualsurface air temperature series
Long Antarctianualsurface air temperature series
Temperature over land versus over oceans
Troposphere and stratosphere temperatures from satellites
Sea iceArctic and Antarctic
Sea level in general
Global sea levdtom satellite altimetry
Global sea level from tide gaudestended Holgat®) o
ThisY2yuKQa asSt SOuSR asSl tS@St auluAzy
Snow cover; Northern Hemisphere weekly and seasonal
Greenland Ice Sheeét surfacemassbalance
Atmospheric specific humidity
Atmospheric C®
Relation between annual change of atm, @ La Nifia and El Nifio episodes
Phase relation between atmospheric €&nhd global temperature
Global air temperature and atmospheric,CO
Laest 20-yearQC1lglobalmonthly air temperature change
Sunspot activity and QC1 average satellite glabbémperature
Sunspot activity and average neutron counts
Sunspot activityQN| and change rates @tmospheric C&and specific humidity
Monthly lower troposphere temperature and global cloud cover

Climate and historyThe knowledge basis for the first astrometeorological forecasts

6 0 A

X0«

(V)]



January 2024jlobal surface air temperature overview

General: This newsletter contains graphsand
diagramsshowing a selection of key meteorological
variables updated to the most recent past mongtfif
possible All temperatures are given in degrees
Celsius.

Traditionally, a 3@year reference period is often used
by various meteorological institutions for comparison
purposes and are supposed to be updated through
the end of each decade ending in zero (e.g., 1951
1980, 19611990, 19712000, etc.). The concept of a
normal climate goes back to the first part of the 20th
century. At that time, lasting to about 1960, it wa

length, which may be inspected in greater detail on
www.climate4you.com

January 2024urfaceair temperature

General: For January 2024 the GISSdata portal
providedAIRS interpolated surface air data, based on
satellite observations. According tthe GISSand
NCDCrecords the Januaryglobal temperaturewas
still high, but lower than in theprevious month The
UAHIower tropospheresatellite seriesalsoshowthe
Januarytemperature anomalyto be high, almost the
same as in last monthrhe AIRSv6 Januaryglobal

generally believed that for all practicaldJdzNLJ2 & S @vgragetemperature anomalycompared tothe last

climate could be considered constant, no matter how
obvious yeatto-year fluctuations mighhave been.
On this basis meteorologist decided to operate with
an average onormal climate, defined by a 3gear
period, called thenormal period, assuming that it was
of sufficient length to iron out all intervening

10 years confirms the above impressior(see,
diagramsp.4-5). Positive anomaliegn Januarywere
especially pronounced for NE Canada. The main
reason, however, forthe overall positive global
temperature anomaly in January 2024 are thast
regions around Equator with temperatures above the

variations In fact,using a 368 NJ Wy 2 NMstrdlyQ LIS¥Efagegor the last 10 yearBresumably, this ia

unfortunate, as observations clearly demonstrate
that various global climate parameters (see, e.g., page
20) are influenced by periodic changess6f70 years
duration. Thefrequentlyused 30yr reference period

is roughly half thiime intervaland is thereforéhighly
unsuited as referencperiod. In the maps on page 4,
showing the geographical pattern of surface air
temperature anomalies, the last previous 10 years are
therefore used as reference period. This decadal
approach corresponds well to the typical memory
horizon for many people and is alsadopted as
reference period by other institutions, e.g., the Danish
Meteorological Institute (DMI).

In many diagrams shown this newsletter the thin
line represents the monthly global average value, and
the thick line indicate a simple running -BYonth
average, nearly corresponding to a thrgear
average.

The year 1979 has been chosen as starting point in
many diagrams, as th&gpproximatelycorresponds to
both the beginning of satellite observations and the
onset of the late 20 century warming period.
Howevermostof the data series have a longer record

derived effect of theongoing El Nifio episode in the
Pacific Ocean.

The Northern Hemispheresurface temperature
anomality pattern(p.4) wascharacterised bystrong
regional contrastamnainlycontrolled by thedominant
jet streamposition EspeciallyNECanadavaswarm
relative to the average for the last 10 yeardn
contrast,W Canada, USA, Alaska, most of Europe and
Siberiawere relatively coldOcean wisemuch ofthe
North Atlantic region wagold. Also, nuch of the
northern Pacific wasrelatively cold. PDO (p.20)
remains negative Arctic Ocean surface air
temperatureswere relativelylow, apart from the NE
Canada sector

Near the Equatotemperatures wereggenerallyabove
the 10year average. Presumably, ocean heat
released during theongoing warm El Nificepisode
hasnow affectedmost Equatorial regions

Southern Hemisphetemperatureswere nearthe 10
yr average EasternAustralia and most of southern
Africa wererelatively cold as werealso parts of South
America Finally almost all the Antarctic continent
was relativelycold.


http://www.climate4you.com/

January 2024lobal surface air temperature overviewersusaverageJanuarylast 10 years

Surface air temperature January 2024 versus January last 10yr
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January 2024urface air temperature compared to tagerageof Januaryoverthe last 10 yearsGreenyellowred colours indicate areas with
higher temperature than thd0-yearaverage, while blue colours indicate lower than average temperatlda& sourceRemote Sensed
Surface Temperature Anomaly, AIRS/Aqua L3 Monthly Standard Physical Retdegedel x ddegree V06 (https://airs.jpl.nasa.gov),
obtained from the GISS data portal (https://data.giss.nasa.gov/gistemp/maps/index_v4.html).


https://airs.jpl.nasa.gov/

January 2024lobal surface air temperature compared ttanuary 2023

Surface air temperature January 2024 versus January 2023
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January 2024urface air temperature compared danuary 2023Greenyellowred colours indicateegionswhere the present month was
warmer than last year while blue colours indicateegions where the present month was cooler tHast year Variations in monthly
temperature from one year to the next has no tangible climatic importance but may nevertheless be interesting Restusigurce: Remote
Sensed Surface Temperature Anomaly, AIRS/Aqua L3 Monthly Standard Physical Retdegete 1x 3idegree V06
(https://airs.jpl.nasa.gov), obtained from the GISS data portal (https://data.giss.nasa.gov/gistemp/maps/index_v4.html).


https://airs.jpl.nasa.gov/

Temperature guality class 1ower tropospheretemperature from satellites updated toJanuary 2024
(see page 9 for definition of classes)
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Global monthly average lower troposphere temperature (thin line) since 1979 accordingyé&sity of Alabamat Huntsville, USA. The thick
line is the simple running7-month average Reference period 1992020.

1979 1982 1985 1988 1991 1994 1997 2000 2003 2006 2009 2012 2015 2018 2021 2024

RSS MSU global temperature anomaly —

12 — Monthly values and running 37-month average —
1 E— 1
S . 1=
g’ 0.8 — l m ' o— 08
5 06 ] A il
£ %07 1 l ||f 1' (] [ o
c Ipt
& 04 — LA | i 04
g _ I i‘ﬁpw l [h [ | —
® 02 — u /A {ﬂ' — 02
S — t ’ u ‘ I‘j r -
£ [ |
o 0 — | i o ' — 0
et J u 1 Ny ‘

] | 1% i ‘ ‘ ‘ I |
0.2 — Il l i — 0.2
-0.4 — ? — 0.4

Climatedyou graph
|\I|II|II|I\|II|II|II|II‘II|\I‘II|II|II|\I‘Ill

1979 1982 1985 1988 1991 1994 1997 2000 2003 2006 2009 2012 2015 2018 2021 2024

Global monthly average lower troposphere temperature (thin line) since 1979 according to accoRi@mdie Sensing Syste(®SS)USA.
The thick line is the simple runni@@monthaverage.



http://www.atmos.uah.edu/atmos/
http://www.remss.com/

Temperature guality class 2: HadCRUdbal surface air temperature updated toDe@mber2023
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Global monthly average surface air temperature (thin line) since 1979 accordingHadltey Centre for Climate Prediction and Reseandh
the University of East Angl@Climatic Research URERY, UK. The thick line is theimple runnind7-month average



http://hadobs.metoffice.com/
http://www.uea.ac.uk/
http://www.cru.uea.ac.uk/
http://www.cru.uea.ac.uk/cru/bground/

Temperature guality class 3: GISS and NCDC global surface air temperature, updaiaduary 2024
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Global monthly average surface éémperaturesince 1979 according to according to tRational Climatic Data CentéNCDC), USAThe
thick line is the simple runnir8y-month average
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at Columbia University, New York City, USg ERSST_v4 ocean surface temperatdies thick line is the simple running-@énth

average.



http://www.ncdc.noaa.gov/oa/ncdc.html
http://www.giss.nasa.gov/

A note ondatarecord stabilityand -quality:

Thetemperature diagrams shown aboad have 1979

as starting year. This roughly marks the beginning of
the recent episode of global warming, after
termination of the previougpisodeof global cooling
from about 1940. In addition, the year 1979 also
represents the starting date for the satellitmsed
global temperature estimates (UAH and RE8).the
three surface air temperature records (HadCRUT,
NCDC and GIS8)ey beginmuch earlier iy 1850 and
1880, respectively, as can be inspected on
www.climate4you.com

For all three surface air temperature records, but
especially NCDC and Gl&@ninistrative change®
anomaly values are quite often introduced, even
affectingobservationananyyears back in time. Some
changesfrom the recent pastmay be due to the
delayed addition of new station datar change of
station location,while others probably have their
origin in changs of the techniqueimplementedto
calculate average valuesom the raw data It is
clearly impossible to evaluate the validity of such
administrative changes for the outside user of these
records it is only possible tmote that such changes
quite often are introducedse example diagram next

page)

In addition, the three surface records represent a
blend of sea surface data collectbgmoving ships or
by other means, plus data from land stations of partly
unknown quality and unknown degree of
representativeness for their region. Many of the land
stations alsohas beenmoved geographically during
their period of operation instrumentationhave been
changed and they are influenced by changes in their
near surroundings (vegetation, buildings, etcThe
surface network is inherently heterogeneous (dens
over continents but sparse over oceans) and probably
contaminated by urbanization surrounding many
measurement sites.

The satellite temperature recordslso have their
problems, but these are generally of a more technical
nature andprobablytherefore better correctable. In

addition, the temperature sampling by satellites is
moreregular anccompleteon a global basihanthat
represented by the surface records.lt is also
important that the sensors on satellites measure
temperature directly bynicrowave radiance (thereby
unobstructed by clouds)while mostmodernsurface
temperature measurements are indirect, using
electronic resistance.

Everybody interested in climate science should
gratefully acknowledge hie big efforts put into
maintaining the different temperature databases
referred to in the presentnewsletter. At the same
time, however, it is alsamportant to realisethat all
temperature recordscannot beof equal scientific
quality. The simple fact that they to some degree
differ showsthat they cannotall be correct.

On this background,and for practical reasons,
Climatedyoutherefore operates with three quality
classes (-B) for global temperature records, with 1
representing the highest quality level:

Quality class IThe satellite records (UAH and RSS).
Quality class ZThe Ha€RUT surface record.
Quality class 3the NCDC and GISS surface records.

The mairreason for discriminating between the three
surface records ithe following:

While both NCDC and GISS often experienaite
large administrative changgsee example on {d0),
and therefore essentiallynust be considered as
unstable records, the changes introduced to HadCRUT
are fewer and smaller-or obvious reasons,sahe
past does not change any record undergoing
continuing changesannotdescribe the past correctly
all the time Frequent and large corrections a
database unavoidably signal a fundamental
uncertainty about what is likely to representthe
correct values.

You can find more on the issue of lack of temporal
stability on www.climate4you.com(go to: Global
Temperature and then proceed to Temporal
Stability).



http://www.climate4you.com/
http://www.climate4you.com/
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The administrative upsurge of the temperature period, meaning that significant parof the apparent
increase from January 19150 January 2000 has global temperature increasefrom January 19Q to
grown from 045 (reported May 2008) to 0.65°C January 2000(as reported by GISS3 caused by
(reported February2024). This representan about administrativechangesf the original datasince May

44% administrative temperatureincreaseover this 2008


http://www.giss.nasa.gov/
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Comparing global surface air temperatusnd lower troposphere satellite temperaturs;

updated to Deember2023
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_1 Satellite observations (QC1) and surface stations (QC2+QC3)

Blue: Average UAH MSU and RSS MSU (QC1)
Red: Average HadCRUTS5, GISS and NCDC (QC2+QC3)

Average surface stations minus average satellite observations, monthly and 37-month running average
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Plotshowing the average of monthly global surface air temperature estimbtad@RUT, GIS&IndNCDand
satellitebased temperature estimateRES MSandUAH MSW The thin lines indicate the monthly value, while
the thick lines represent the simple runningrB@nth average, nearly corresponding to a runningr &verage.
The lower panel shows the monthly difference betwaesragesurface air temperature and satellite

temperatures. As the base period differs for the different temperature estimates, they have all been normalised by

comparing to the average value of 30 years from January 1979 to December 2008.


http://www.climate4you.com/GlobalTemperatures.htm#HadCRUT TempDiagram
http://www.climate4you.com/GlobalTemperatures.htm#GISS TempDiagram
http://www.climate4you.com/GlobalTemperatures.htm#NCDC TempDiagram
http://www.climate4you.com/GlobalTemperatures.htm#RSS MSU TempDiagram
http://www.climate4you.com/GlobalTemperatures.htm#UAH MSU TempDiagram

Global air temperature linear trendsipdated to De@mber 2023
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All in one,Quality Class 1, 2 and 8pdated to De@mber 2023
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Superimposed plot duality Class 1 (UAH and R&8lpal monthly temperature estimates. As the base period differs for the
individual temperature estimates, they have all been normalised by comparing with the average value of the initial 120 months
(30 years) from January 1979 to December 2008. The tasly line represents the simple running 37 month (c. 3 year) mean

of the average oboth temperature records. The numbers shown in the lower right corner represent the temperature anomaly
relative to theindividual 19792008averages.
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Superimposed plot of Quality Class 1 and 2 (UAH, RSS and HpdloBal Tonthly temperature estimates. As the base period
differs for the individual temperature estimates, they have all been normalised by comparing with the average valudtief the in
120 months (30 years) from January 1979 to December 2008. Thelbllaak line represents the simple running 37 month (c. 3
year) mean of the average of dhlree temperature records. The numbers shown in the lower right corner represent the
temperature anomaly relative to the individual 192908averages.
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Superimposed plot dpuality Class 1, 2 andgBobal monthly temperature estimat€dt)AH, RSS, HadCRUT, GISS and N&DC)

the base period differs for thiadividualtemperature estimates, they have all been normalised by compavitigthe average

value of the initial 120 months8Q years) from January 1979 to DecemB8@8. The heavy black line represents the simple
running 37 month (c. 3 year) mean of the average of all five temperature records. The numbers shown in the lower right corne
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represent the tenperature anomaly relative to thiedividual19792008averages.

Please seeeflectionson page9 relating to the above three quality classes.

Satellite- and surfacebased temperature estimates
are derived from different types ofmeasurements
andcomparing them directly as in trebovediagrans
therefore may besomewhatambiguous

However, as both types o€stimates often are
discussed togethein various news medjahe above
composite diagrans may nevertheless be afome
interest.

In fact, the different types of temperature estimates
appear to agree as to the overall temperature
variations on &-3-yearscale, although on a shent
time scale thereare often considerable differences
between the individual recordsiowever, since about
2003 the surface recordssed to bedrifting towards
higher temperatures than thecombined satellite
record, but this overalltendencywasmuchremoved
by the major adjustmentof the RSS satellite serigs
2015(see lower diagram on pad®.

The combined records (diagram above suggest a

modestglobal air temperaturencreaseover the last
30 yearsabout 018°C per decaddt should be noted
that the apparent temperaturéncreasessince about
2003 at least partlyis the result of ongoing
administrative adjustments (pag®10). At the same
time, none of the temperature records considered
here indicates any overall temperature decrease
duringthe last20 years

The present temperature development does not
exclude the possibility that global temperaturesy
begin to increasesignificantlylater. On the other
hand, it alsaremainsa possibility that Earth just now
is passing @& overall temperature peak, and that
global temperaturesmay begin to decreasaluring
the coming5-10years.

As alwaystime will show which of thespossibilities
is correct.



Global sea surface temperatureipdated toJanuary 2024

Global Sea Surface Temperature Anomaly (°C) Analysis Valid Jan 20 2024
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ﬁ Plymouth State Weather Center

Sea surface temperature anomaly 20 Januarn2024 (upper map) and 2@(lower map) Map ource:Plymouth State Weather
Center Reference period: 1971091.



Because of the largsurfaceareasnear Equatoyrthe The significance ofshortterm cooling orwarming
temperature of thesurface watelin these regionss reflected in air temperatures should never be
especially important for the global atmospheric overstated Whenever Earth experiences cold La Nifia
temperature (p. 6-8). In fact,p /&2 2 ¥ LJ I y S dr warh BlNiRo®@@isodes major heat exchanigée

surface area is located within 30 and 30S. place between the Pacific Ocean and the atmosphere

A mixture of relatively warm ancbldwater presently
dominates much ofthe globaloceansurface but with
notable variations from month to month All such
ocean surface temperature changesvill be
influendng global air temperatures ithe monthsto

come. A cold La Nifa episod€Pacific Ocean) has

recently ended ands now being followedby a warm

above,sooner or lateishowing up in estimates of the
global air temperature.

However, his does notnecessarilyreflect similar
changes in the totadheat contentof the atmosphere
ocean system. In faagjobalnet changeganbe small
and such heat exchange may mainly reflect
redistribution of energy between ocean and

El Niflo episodémaps p.15 and diagram25). atmosphere What matters is the overalémperature

development when seen oveeveralyears.
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Global monthly average sea surface temperature since 1979 accordiijvtersity of East Angl@Climatic Research U{ERV, UK. Base
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Global monthly average sea surface temperature since 1979 according Matimal Climatic Data CentélCDC), USAa&: period: 1901
2000.The thick line is the simple running-@ibnth averagelnsert: Argo global ocean temperature anomaly from flpdisplaced vertically
to make visual compariscgmsier.
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Oceantemperature inuppermost100m, updated toDecember2023
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World Oceans vertical average temperatur@@ m depth since 1955. The ttime indicates3-month values, and the thick line represents
the simple running 3%nonth (c. 3 year) average. Data sourb®AA National Oceanographic Data Ce(DDC). Base period 198610.
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0.7 — Pacific Ocean, vertical mean temperature anomaly 0-100 m depth; NODC, NOAA w— 0.7
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Pacific Ocean vertical average temperatus&0® m depth since 1955. The thin line indis&enonth values, and the thick line represents the
simple running 39nonth (c. 3 year) average. Data sourt®AA National Oceanographic Data Ce(DDC)Base period 1953010.
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0.7 — Atlantic Ocean, vertical mean temperature anomaly 0-100 m depth; NODC, NOAA — 0.7

_| 3-month and running 39-month average, base period 1955-2010
™

06 — 8 0.6
- || 3

05 — El—o05
: FORR 1

04 — L r.""l Zl— 04
. J 3L

0.3 — — 0.3

o |. v "o
o1 - N ’rlu rfJ t'Jﬂy' r .,

Temperature anomaly (Deg.C)

. L i r' -
-0. —_ .l |I J " __ 0.
ety “HL kil -
03 — & — 0.3

‘IIII|I\II‘IIII‘II\I|IIII‘II\I|\III‘II\I|\Illlll\I‘\III|IIII|I\II‘II\I|
1955 1960 1965 1970 1975 1980 1985 1990 1995 2000 2005 2010 2015 2020 2025

Atlantic Ocean vertical average temperaturel00 m depth since 1955. The thin line indis&enonth values, and the thick line represents
the simple running 3%nonth (c. 3 year) average. Data sourb®AA National Oceanographic Data Ce(DDC)Base period 1952010.
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0.7 — Indian Ocean, vertical mean temperature anomaly 0-100 m depth; NODC, NOAA — 0.7
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Indian Ocean vertical average temperatur@@ m depth since 1955. The thin line indis&enonth values, and the thick line represents the
simple running 39nonth (c. 3 year) average. Data sourt®AA National Oceanographic Data Ce(DDC)Base period 1953010.
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Pacific Decadal Oscillation (PD@)pdated toJanuary 2024

Monthly values of théPacific Decadal OscillatigRDO)since January 1979he PDO is a lodiyed El Nifidike pattern of Pacific climate
variability, and the data series goes back to Janu&j41Base period: 1982002. The thin line indicates monthly PDO values, and the thick
line is the simple running 3Month averageData sourceNOAA Physical Science LaboraweysionPDO ERSST V5 plotted above).

The PDO is a lodiyed El Nifidike pattern of Pacific
climate variability, with data extending back to
January 854 Causes for PDO are not currently
known, but even in the absence of a theoretical
understanding, PDO climate information improves
seasonrto-season and yean-year climate forecasts
for North America because of its strong tendency for
multi-season and mtityear persistence. The PDO
also appears to be roughly in phase witfobal
temperature change® ¢ Kdza >~ FNRY |
perspective, recognition of PDO is important because
it shows that "normal" climate conditions can vary
over time periods comparable to the length of a
human'slifetime.

The PDO illustrates how global temperatures are tied
to sea surface temperatures in the Pacific Ocean, the
largest ocean on Earth. When sea surface
temperatures are relatively low (negative phase
PDO), asit was from 1945 to 1977, global air
temperature often decreases. WherPacific Ocean
surface temperatures are high (positive phase PDO),
as from 1977 to 1998, global surface air temperature
often increases.

20ASdFf AYLI OlGQa
A Fourier frequency analysis (not shown here) shows

the PDO record to be influenced by a significant 5.6
year cycle, andeasiblyalso by a longer 18-gear

long period, corresponding to the length of the lunar
nodal tide.
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http://www.climate4you.com/GlobalTemperatures.htm#Global and hemispheric annual surface air temperatures since 1850
http://www.climate4you.com/GlobalTemperatures.htm#Global and hemispheric annual surface air temperatures since 1850

